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Introduction: A high rate of false arrhythmia alarms in the intensive care unit (ICU) leads to 
alarm fatigue, the condition of desensitization and potentially inappropriate silencing of alarms 
due to frequent invalid and nonactionable alarms, often referred to as false alarms.
Objective: The aim of this study was to identify patient characteristics, such as gender, age, 
body mass index, and diagnosis associated with frequent false arrhythmia alarms in the ICU.
Methods: This descriptive, observational study prospectively enrolled patients who were con-
secutively admitted to one of five adult ICUs (77 beds) at an urban medical center over a period of 
31 days in 2013. All monitor alarms and continuous waveforms were stored on a secure server. Nurse 
scientists with expertise in cardiac monitoring used a standardized protocol to annotate six clinically 
important types of arrhythmia alarms (asystole, pause, ventricular fibrillation, ventricular tachycardia, 
accelerated ventricular rhythm, and ventricular bradycardia) as true or false. Total monitoring time 
for each patient was measured, and the number of false alarms per hour was calculated for these six 
alarm types. Medical records were examined to acquire data on patient characteristics.
Results: A total of 461 unique patients (mean age =60±17 years) were enrolled, generating a 
total of 2,558,760 alarms, including all levels of arrhythmia, parameter, and technical alarms. There 
were 48,404 hours of patient monitoring time, and an average overall alarm rate of 52 alarms/
hour. Investigators annotated 12,671 arrhythmia alarms; 11,345 (89.5%) were determined to be 
false. Two hundred and fifty patients (54%) generated at least one of the six annotated alarm 
types. Two patients generated 6,940 arrhythmia alarms (55%). The number of false alarms per 
monitored hour for patients’ annotated arrhythmia alarms ranged from 0.0 to 7.7, and the dura-
tion of these false alarms per hour ranged from 0.0 to 158.8 seconds. Patient characteristics were 
compared in relation to 1) the number and 2) the duration of false arrhythmia alarms per 24-hour 
period, using nonparametric statistics to minimize the influence of outliers. Among the significant 
associations were the following: age $60 years (P=0.013; P=0.034), confused mental status 
(P,0.001 for both comparisons), cardiovascular diagnoses (P,0.001 for both comparisons), 
electrocardiographic (ECG) features, such as wide ECG waveforms that correspond to ventricular 
depolarization known as QRS complex due to bundle branch block (BBB) (P=0.003; P=0.004) 
or ventricular paced rhythm (P=0.002 for both comparisons), respiratory diagnoses (P=0.004 
for both comparisons), and support with mechanical ventilation, including those with primary 
diagnoses other than respiratory ones (P,0.001 for both comparisons).
Conclusion: Patients likely to trigger a higher number of false arrhythmia alarms may be 
those with older age, confusion, cardiovascular diagnoses, and ECG features that indicate BBB 
or ventricular pacing, respiratory diagnoses, and mechanical ventilatory support. Algorithm 
improvements could focus on better noise reduction (eg, motion artifact with confused state) 
and distinguishing BBB and paced rhythms from ventricular arrhythmias. Increasing awareness 
of patient conditions that apparently trigger a higher rate of false arrhythmia alarms may be 
useful for reducing unnecessary noise and improving alarm management.
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Introduction
In health care, alarm fatigue refers to sensory overload, 
occurring when clinical personnel are exposed to an exces-
sive number of alarms. This phenomenon can result in 
desensitization and missed alarms1 and can potentially create 
a serious safety issue, especially for patients in a critical care 
environment. Research has shown that physiological monitor 
alarms often are invalid,2 exacerbating the problem. The Joint 
Commission (TJC) on accreditation of hospitals and health 
care organizations has identified alarm management as an 
essential National Patient Safety Goal.3
Physiological monitoring in the intensive care unit (ICU) 
aims to provide health care personnel with up-to-date, accurate 
information on patients’ minute-by-minute changes.4–6 The 
alarm systems are designed to quickly alert practitioners to 
abnormal patient conditions and are considered highly sensitive 
in recognizing true acute problems. However, this accuracy 
is offset by frequent false alarms, ie, alarms that are triggered 
but do not alert health care personnel to true problems.
This situation is not new and is not isolated to health 
care. In 1984, Breznitz,7 a researcher in psychology, argued 
that to be effective, a warning system must be trustworthy. 
He described the rise of early warning systems throughout 
the 20th century and noted that with an increase in alarm 
sensitivity, providing more accurate and immediate identifi-
cation of true problems, there was a corresponding decrease 
in alarm specificity, resulting in an increase in inaccurate 
alarms for situations that were not problematic. Breznitz7 
maintained that the effectiveness of a warning system depends 
upon its credibility, and credibility is decreased with every 
false alarm.
Further research in psychology has shown that during 
tasks, which demand a high level of mental attention, there 
may be limits to the capacity for conscious recognition of 
additional stimuli. The term inattention blindness was coined 
as a result of experiments showing that participants, directed 
to engage in specific mental tasks, could inadvertently over-
look events taking place in the center of their visual fields.8 
Subsequent studies by MacDonald and Lavie9 demonstrated 
the existence of a comparable phenomenon related to hearing, 
termed inattention deafness.
The field of aviation has been vigilant in addressing the 
concern of auditory deafness in relation to alarm fatigue.10 
Giraudet et al11 recently investigated the failure of personnel 
to react to auditory alarms in the cockpit. These researchers 
demonstrated that changes in participants’ electroencepha-
lograms, recorded during simulated flight with high-demand 
tasks, such as airplane landing, might be associated with 
interference in auditory perception.
Researchers are engaged in applying these findings to the 
excess of alarms and sensory overload in health care. TJC12 
and the US Federal Food and Drug Administration (FDA)13 
reports show that excessive alarms have a negative effect 
on patient safety. Suggestions for improvement include the 
following: institutional standards for alarm management;14 
development of algorithms to include multiple parameters 
for improving alarm specificity;15–19 systematic assessment 
of alarm parameter settings with appropriate adjustments, 
according to individual patient needs;1,2,14,20 regular reevalu-
ation of each patient’s need for continuous monitoring;1 and 
clarification of the clinician’s experience in using physiologic 
monitoring technology.21 While studies have focused on the 
overall prevalence and impact of numerous physiological 
alarms, research to date has provided little guidance to 
increase understanding of patient characteristics associated 
with frequent false alarms. This study aims to fill the gap.
Aim
The primary aim of this research was to determine patient 
characteristics associated with frequent false arrhythmia 
alarms in the ICU.
A variety of patient factors, including demographics 
and clinical characteristics, were assessed in relation to the 
frequency and duration of false arrhythmia alarms.
Methods
Investigators at a large urban medical center and univer-
sity teaching hospital conducted a prospective, observa-
tional study designed to collect all waveform data from 
77 physiological monitors (Solar 8000i, software version 5.4; 
GE Healthcare, Milwaukee, WI, USA) associated with beds 
in five adult ICUs over a 31-day period.2 One of the specific 
aims of our study was to determine patient characteristics 
associated with a high rate of false alarms. Characteristics 
postulated to affect signal quality and potentially associated 
with frequent nonactionable, or invalid, alarms were exam-
ined closely for this analysis. The complete study methods 
have been previously described.2
ethical oversight
The Committee on Human Research of the University of 
California – San Francisco Human Research Protection 
Program (the university’s internal review board) approved 
the study with a waiver of written informed consent from all 
subjects. A waiver of written informed consent was deemed 
acceptable because the research involved no more than mini-
mal risk, the waiver would not adversely affect the rights and 
welfare of the participants, the research could not practicably 
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be carried out without the waiver; and whenever appropriate, 
the participants would be provided with additional pertinent 
information after participation.
enrollment
Data were collected from the monitors of all patients con-
secutively admitted to one of five ICUs (one coronary care, 
two medical–surgical, and two neurosurgical units) during 
the mentioned 31-day period in 2013. Secure data transfer, 
allowing alarms, monitor parameter settings, numeric digital 
displays, as well as electrocardiographic (ECG), invasive pres-
sure, pulse oximetry, and respiratory waveforms, was provided 
by a research version CareScape Gateway (GE Healthcare). 
The waveform data extraction did not influence patient care.
All patients were assigned a numerical study identifier 
to ensure maintenance of patient privacy.
assessment of all alarms
Patients were monitored using four limb leads and one precor-
dial lead, as part of the routine care in the ICU. With the assis-
tance of medical center bioengineers, a secure, state-of-the-art 
server (BedMasterEx, Excel Medical, Jupiter, FL, USA) was 
installed to extract and store the continuous waveform and 
alarm data obtained, including up to seven ECG waveforms 
from each bedside monitor. The researchers’ display could be 
adjusted to view up to seven ECG leads as well as pressure, 
pulse oximetry, or respiratory waveform data. Patient identi-
fiers were removed, and the waveform and alarm data were 
coded. Excel Medical provided printed versions of the wave-
forms, termed alarm reports, which included all seven ECG 
leads and associated waveforms. The reports also identified 
all digital information that was displayed on the monitor at the 
time an alarm was triggered and included information about 
the duration of each alarm, audio (on/off), alarm level (crisis, 
warning, advisory, or message), pacemaker mode (on/off), 
and parameter settings. While alarms set at the message level 
only provided a flashing visual display and were inaudible, 
researchers reasoned that message alarms could still require 
attention and potentially contribute to the burden of sensory 
overload. Therefore, both audible and inaudible alarms were 
included in the overall alarm assessment. The waveform and 
alarm data were not used for clinical decision making.
All alarms captured over the 1-month period were arranged 
into three categories: arrhythmia (ie, alarms associated with 
abnormal cardiac rhythms); parameter (ie, alarms associated 
with physiological signs falling outside of set boundaries, 
such as high versus low heart rate, respiratory rate, or blood 
pressure); and technical (ie, alarms associated with equipment 
problems, such as low battery). Given the potential for both 
inattention blindness and inattention deafness – referring to 
the problem of a health care worker, for instance, who is so 
engaged in a targeted mental activity that he or she inadver-
tently overlooks critical visual or auditory information8,9 – we 
determined to count all alarms that occurred during the month 
for the calculation of alarm burden, the average number of 
alarms per patient’s bed per day.
Measurement of monitoring time
Patients’ monitoring times were distinguished by visually 
examining ECG signals, as well as by a computer algorithm 
developed by one of the investigators (YB) to identify the 
presence of a patient on the monitor. Alarms that were 
triggered without an identified patient attached to the monitor 
were eliminated from the arrhythmia analysis but were 
included in the overall compilation of alarms.
assessment of patient characteristics 
associated with false alarms
The electronic medical record was reviewed, and patient 
information was obtained after the waveform data were 
collected, using a standardized data extraction tool. Only 
deidentified data were entered into a secure database 
(MediData Rave, New York, NY, USA).
Patient characteristics were recorded and assessed in rela-
tion to the frequency and duration of false arrhythmia alarms. 
These characteristics included patient demographics, such as 
age, race, ethnicity, and gender, as well as clinical character-
istics, such as body mass index (BMI), cognitive state (confu-
sion or agitation), presence of tremor, and tobacco-smoking 
status (potential agitation due to nicotine withdrawal). Sup-
portive treatments, such as mechanical ventilation, pacemak-
ers, and ventricular assist devices, used during the ICU stay, 
also were compared in relation to the frequency and duration 
of alarms. Patients who experienced bundle branch block 
(BBB) during ECG monitoring were identified. Finally, the 
patients’ main medical diagnoses at time of ICU discharge 
(up to three diagnoses for each patient) were examined.
analysis of arrhythmia alarms
Nurse scientists with training and expertise in ECG moni-
toring examined waveforms surrounding arrhythmia alarms 
associated with six clinically important conditions:
•	 Accelerated ventricular: $6 consecutive ventricular beats 
between 50 and 100 beats per minute (bpm)
•	 Asystole: no QRS detected for 5–6 seconds
•	 Pause: 3-second interval without a QRS complex
•	 Ventricular bradycardia: $3 consecutive ventricular beats 
at rate #50 bpm.
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•	 Ventricular fibrillation: coarse flutter waves without QRS 
complexes
•	 Ventricular tachycardia: $6 consecutive ventricular beats 
with rate $100 bpm.
The hospital default setting was at the crisis level for 
asystole, ventricular fibrillation, and ventricular tachycardia 
alarms (three loud beeps and flashing visual alert). The 
default setting was at the warning level for accelerated 
ventricular, pause, and ventricular bradycardia alarms (two 
loud beeps and flashing visual alert). The investigators used 
the alarm reports as references to aid annotation. Alarms 
were annotated as true, false, or indeterminate using a stan-
dardized protocol.2
The annotators, including the primary investigator, met 
regularly to compare assessments of physiological wave-
forms and signal quality. In addition, a sample of annotated 
alarms was randomly selected for annotation by more than 
one investigator to assess interrater reliability.
statistical analysis
Statistical analyses were performed using SPSS statistics, 
version 23 (IBM, Armonk, NY, USA). Number and dura-
tion of alarms per patient per hour, and per day, were 
calculated according to the number of monitored hours for 
each patient.
nonparametric tests
For comparisons of groups without normal distributions, 
nonparametric statistics were used to minimize the influence 
of outliers. Alpha was set at 0.005.
Regression analyses
Using a binary variable to separate those who generated 
false arrhythmia alarms from those who did not, univariate 
and multivariate binary logistic regression analyses were 
performed to identify the patient characteristics associated 
with false arrhythmia alarms. To further examine the dis-
tribution of data and the strength of relationships between 
variables, bootstrap analysis with 1,000 replications was 
performed when appropriate for the statistical method. For 
the univariate regression analyses, alpha was set at 0.10 to 
ensure identification of appropriate variables to be included 
in the multivariate regression analysis. Alpha was set at 
0.05 for the multivariate regression.
Code Blue events
The frequency of arrhythmia alarms in association with 
cardiopulmonary arrests resulting in Code Blue events was 
explored, the rationale being that cardiac arrest is a medical 
diagnosis and deterioration of a patient’s condition may 
be associated with frequent alarms. Data were collected to 
examine whether or not clinically important cardiopulmonary 
events correctly triggered arrhythmia alarms. Arrhythmia 
alarms over a period of 1 minute prior to and during the event 
were assessed for appropriateness, ie, true alarms reflecting 
critical conditions.
signal quality
The annotators determined the signal quality of the wave-
forms through visual inspection and rating on a three-point 
scale of good, fair, or poor quality. Good referred to clearly 
visible waveforms in all available leads, fair referred to 
waveforms with moderate baseline wander or moderate 
noise, but with clear QRS complexes, and poor quality 
referred to waveforms that did not allow definitive analysis 
of the rhythm.
Results
Over the 1-month period, a total of 461 unique patients were 
enrolled.
number of alarms
There were a total of 2,558,760 alarms, separated into the 
three categories, arrhythmia, parameter, and technical, as 
reported previously.2 The total number of alarms included 
was as follows:
•	 Arrhythmia alarms: 1,051,054
•	 Parameter alarms: 612,927
•	 Technical alarms: 791,632.
The number of audible alarms within all three categories 
equaled 381,560.
Patient monitoring time
There were 48,173 hours of patient-monitoring data, ranging 
from 5 hours and 20 minutes to 744 hours (24 hours per day 
for 31 days). The median monitoring time was 52.9 hours. 
The combined units’ daily census averaged 66 occupied 
beds per day.
Alarms with the audio on generated an average audible 
alarm burden of 187 audible alarms per bed per day.2
Patient demographics
Patient demographics reflect the typical characteristics of 
the San Francisco Bay area and are presented in Table 1.
The number of patients admitted to each unit is provided 
in Table 2.
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Patients often had more than one discharge diagnosis. The 
investigators recorded the top three diagnoses, as primary 
diagnoses, if applicable. Patients’ primary discharge diag-
noses are outlined in Table 3.
False arrhythmia alarms
Out of the 461 patients (51.8%), 250 patients generated at 
least one of the six annotated alarm types during the 1-month 
period. The nurse scientists annotated a total of six arrhythmia 
alarms for this analysis. Interrater reliability was measured 
at 95% (Cohen’s kappa score =0.86).
After systematic examination and vetting of the 12,671 
annotated alarms, 11,345 were deemed false (89.5%) and 
1,326 (10.5%) were deemed true.
Alarms annotated as false were attributed to 238 of the 
250 ICU patients (95.2%). Twelve patients generated only 
true alarms. In other words, 238 of the 461 patients (51.6%) 
admitted to the ICU during the 1-month period generated 
at least one false arrhythmia alarm, which by default would 
have been set at crisis or warning level. Of all the arrhythmia 
alarms annotated, 15 were designated as indeterminate 
(0.1%) by the investigators. The number of false alarms 
per hour and per day for each patient was calculated, as 
well as the duration (in seconds) of false alarms per hour 
and per day.
For all patients who received physiological monitoring in 
the ICU and generated at least one of the annotated arrhythmia 
alarms, whether true or false (n=238), the median number 
of false arrhythmia alarms was greater than one per patient 
over a 24-hour period. The range was 0–184 false alarms 
over 24 hours. The data indicated that only a few patients 
generated frequent false alarms (refer “Patients with frequent 
alarms” subsection and Figure 1 for more details).
The median duration of false arrhythmia alarms was 
approximately 7.5 seconds per patient over a 24-hour period. 
The range was 0–63.5 minutes over a 24-hour period. The 
data indicated that only a few patients generated long-
duration false alarms (Figure 2).
Unit of admission
Patients’ unit of admission was significantly associated with 
the total number and duration of false alarms over a 24-hour 
period of patient monitoring time. In this analysis, the 
coronary care unit generated the highest number and longest 
duration of alarms. Detailed results using nonparametric tests 
of the type of ICU in relation to the number or duration of 
alarms are provided in Table 4.
While the medical–surgical unit had the greatest raw 
number of total alarms – due to the alarms generated by 
two patients – over the 1-month period (reported in column 
Table 1 Patient demographics
Characteristics All study patients 
N (%)
Patients with $1 false 
arrhythmia alarms N (%)
Patients with only true 
arrhythmia alarms N (%)
Patients with no 
arrhythmia alarms N (%)
number of patients, n 461 238 12 211
Mean age, years 60±17 61±17 68±13 57±17
gender
Male 250 (54.2) 122 (51.3) 7 (58.3) 121 (57.3)
Race
african american 35 (7.6) 21 (8.8) 1 (8.3) 13 (6.2)
asian 76 (16.5) 41 (17.2) 2 (16.7) 33 (15.6)
Caucasian 281 (61.0) 143 (60.1) 7 (58.3) 131 (62.1)
Other race, or 
decline to state
69 (15.0) 33 (13.9) 2 (16.7) 34 (16.1)
ethnicity
hispanic 51 (11) 31 (13.0) 1 (8.3) 19 (9.0)
Note: Mean ± standard deviation.
Table 2 Unit of admission
Intensive care unit 
(initial admission)
All study 
patients N, %
Patients with $1 false 
arrhythmia alarms N, %
Patients with only true 
arrhythmia alarms N, %
Patients with no 
arrhythmia alarms N, %
neurological 197 (42.70) 90 (19.52) 3 (0.65) 104 (22.56)
Coronary 83 (18.00) 51 (11.06) 5 (1.08) 27 (5.86)
Medical–surgical 181 (39.30) 97 (21.04) 4 (0.87) 80 (17.35)
Note: n=461.
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2), the number and duration of false arrhythmia alarms per 
24 hours of patient monitoring time were greatest in the 
coronary care unit.
The association of type of unit with the total number and 
total duration of alarms over a 24-hour period is represented 
in Figure 3.
Results of nonparmetric analyses
Demographics
Age $60 years (range: 19–96 years) showed a statisti-
cally significant association with high number and long 
duration of alarms. The alarm data were highly skewed, 
with only a few patients generating most of the alarms, so 
nonparametric tests were used to minimize the influence of 
outliers (Table 5).
Findings associated with patients’ clinical features
Altered mental status, specifically confusion and agitation, 
also was associated with a higher number and longer duration 
of false arrhythmia alarms.
However, older age and altered mental status were weakly 
correlated (Cramer’s V =0.143, P=0.002). The odds ratio for 
patients aged $60 years to experience confusion or agitation 
was 2/1 (confidence interval: 1.3–3.0, Pearson Chi-square, 
P=0.002).
An ECG feature associated with significantly more fre-
quent false alarms and longer duration of false alarms was wide 
QRS complex due to either left or right BBB (Table 6).
Over a 24-hour period, patients with BBB generated a 
significant number of false ventricular arrhythmia alarms, 
in particular. Frequent accelerated ventricular alarms 
Table 3 Patient discharge diagnosesa
Body system category Number of patients with diagnosis in 
category (% of patients with the diagnosis)
Cardiac (arrhythmia, heart failure, myocardial infarction, other cardiac diagnoses) 123 (26.7)
endocrine (adrenal, pancreatic including diabetes mellitus, thyroid) 33 (7.2)
gastrointestinal (including gastrointestinal bleeding, other gastrointestinal disorders) 30 (6.5)
hepatic 37 (8.0)
Musculoskeletal 30 (6.5)
neurological (stroke, seizure, subarachnoid hemorrhage, other neurological diagnoses) 208 (45.1)
Renal (acute kidney injury, other renal diagnoses) 44 (9.5)
Respiratory (pneumonia, acute respiratory distress syndrome, other respiratory diagnoses) 119 (25.8)
Multiple organ (multiple organ dysfunction syndrome, sepsis, trauma) 45 (9.8)
Other diagnoses (substance withdrawal, other uncategorized diagnoses) 52 (11.3)
Total diagnoses 721
Notes: n=461; aup to three top diagnoses may be listed for one patient, so number of diagnoses is greater than number of patients enrolled in study.
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Figure 2 Duration of false arrhythmia alarms per 24 hours in the intensive care unit.
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showed the strongest effect size, according to the Mann–
Whitney U-test, the mean rank for patients with BBB also 
was significantly higher compared to that for patients 
without BBB.
Cardiac devices and eCg features
We examined each alarm type to identify patients who 
had a medical device that had potential for mimicking the 
wide QRS of ventricular arrhythmias, such as a ventricular 
pacemaker or ventricular assist device (VAD), to identify 
the possibility that these patients were prone to having more 
frequent and longer duration of false ventricular arrhyth-
mia alarms.
Patients with ventricular paced rhythms had significantly 
higher number and duration of false alarms per 24-hour 
period. In addition, cardiac rhythms associated with VADs 
also were significantly associated with higher number and 
duration of false alarms per 24-hour period (Table 7).
For patients with pacemakers, false accelerated ventricu-
lar alarms were frequently triggered and showed the greatest 
difference for median numbers per 24 hours and duration of 
alarms per 24 hours.
Mechanical ventilation
There were 167 patients who received mechanical ventilation 
for a minimum of 2 hours during their ICU stay. Mechanical 
ventilation intervention was significantly associated with 
more frequent and longer duration of false arrhythmia alarms 
overall (Table 7).
In the category of number of alarms per hour, the median 
number of alarms per hour was significantly greater for the 
group of patients undergoing mechanical ventilation com-
pared to the group that did not receive mechanical ventila-
tion. The range was much greater for mechanically ventilated 
patients ie, 0–3,225 alarms per hour for those with mechanical 
ventilation, and 0–108 for those without ventilatory support. 
Table 4 Patients’ intensive care unit of admission in relation to frequency and duration of false arrhythmia alarms
Unit of admission, 
n=461
Total number of 
false arrhythmia 
alarms over 
1-month study 
period (% of sum)
Number of false 
arrhythmia alarms 
per 24 hours of 
monitored time
P-value Total duration in 
seconds of false 
arrhythmia alarms 
over 1-month study 
period (% of duration)
Duration in seconds 
of false arrhythmia 
alarms per 24 hours 
of monitored time
P-value
Median Range (sum) Median Range (sum)
Coronary, n=83 2,576 (22.7) 0.6 0–51 (374) 0.001a 48,792 (36.0) 5.9 0–3,812 (9,623) ,0.001b
Medical–surgical, n=181 7,861 (69.3) 0.2 0–184 (495) 74,846 (55.2) 0.5 0–1,228 (6,042)
neurologic, n=197 908 (8.0) 0.0 0–134 (313) 11,839 (8.7) 0.0 0–2,263 (4,379)
Total, N=461 11,345 0.1 0–184 (1,181) 135,477 0.4 0–3,812 (20,044)
Notes: Kruskal–Wallis test, a nonparametric test, minimizes the effect of outliers. aIndicates alarms per 24 hours were significantly higher in coronary care unit compared 
to other units; bindicates duration of alarms per 24 hours significantly higher in coronary care unit compared to other units. Bold figures depict statistically significant results 
with P,0.05.
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Figure 3 (A) number and (B) duration of false alarms per hour according to type of intensive care unit.
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Table 5 Patient demographics in relation to frequent false arrhythmia alarms
Patient 
demographic 
characteristic
Number of false arrhythmia alarms 
per 24 monitored hours
Duration in seconds of false arrhythmia 
alarms per 24 monitored hours
Median (range) P-value Median (range) P-value
age, .60 years 0.013 0.034
#60, n=230 0.0 (0–51) 0.0 (0–3,812)
.60, n=231 0.3 (0–184) 1.0 (0–2,263)
gender 0.126 0.201
Male, n=250 0.0 (0–73) 0.0 (0–3,812)
Female, n=211 0.3 (0–184) 0.9 (0–2,263)
##ethnicity 0.788 0.547
hispanic, n=51 0.2 (0–11) 0.6 (0–3,812)
non-hispanic, n=400 0.2 (0–184) 0.5 (0–2,263)
Racial categories 0.161 0.154
asian, n=35 0.2 (0–184) 1.0 (0–1,326)
Black, n=76 0.2 (0–51) 1.0 (0–275)
White, n=281 0.1 (0–134) 0.4 (0–2,263)
Other, n=69 0.0 (0–8) 0.0 (0–3,812)
Notes: nonparametric tests: Mann–Whitney U or Kruskal–Wallis. number and duration of false arrhythmia alarms per hour compared between patients who do or do not 
have the selected characteristic (n=461); ##ten patients declined to state ethnicity; the data was treated as missing, and excluded from the calculation. Bold figures depict 
statistically significant results with P,0.05.
Table 6 Patient characteristics, including distinct electrocardiographic features, in relation to frequent false arrhythmia alarms
Patient clinical characteristics Higher number of false arrhythmia 
alarms per monitored hour
Longer duration in seconds of false 
arrhythmia alarms per monitored hour
Clinical or electrocardiographic 
characteristic
Median (range; sum) P-value Median (range; sum) P-value
altered mental status (confusion or agitation documented) ,0.001 ,0.001
Confused, n=198 0.5 (0–184; 800) 2.0 (0–2,263; 10,505)
not confused, n=263 0.0 (0–51; 381) 0.0 (0–3,812; 9,538)
^^Body mass index 0.794 0.456
Body mass index $30, n=142 0.2 (0–51; 300) 0.5 (0–3,812; 7,939)
Body mass index ,30, n=314 0.7 (0–184; 870) 0.0 (0–2,263; 11,759)
Current smoker 0.327 0.516
smoker, n=71 0.0 (0–51; 144) 0.0 (0–3,812; 5,581)
nonsmoker, n=390 0.2 (0–184; 1,037) 0.5 (0–2,263; 14,463)
seizures documented 0.614 0.769
seizures, n=19 0.2 (0–8; 30) 0.7 (0–184; 1,151)
no seizures, n=442 0.1 (0–184; 1,151) 0.3 (0–3,812; 19,883)
Tremors documented 0.901 0.746
Tremors, n=36 0.0 (0–26; 90) 0.0 (0–954; 1,408)
no tremors, n=425 0.1 (0–184; 1,091) 0.4 (0–3,812; 18,653)
BBB per cardiac monitor 0.003 0.004
BBB, n=41 0.6 (0–184; 339) 4.0 (0–3,812; 8,191)
no BBB, n=420 0.0 (0–134; 842) 0.0 (0–2,263; 11,852)
Notes: Mann–Whitney U-test: number and duration of false arrhythmia alarms per hour compared between patients who do or do not have the selected characteristic 
(n=461); ^^five patients had no recorded weight. Missing data was excluded from the calculation. Results in bold are statistically significant with alpha set at 0.05, patients 
with a characteristic depicted in bold have significantly more arrhythmia alarms than those patients without the characteristic.
Abbreviation: BBB, Bundle branch block.
The Mann–Whitney U-test indicated a small-to-medium 
effect size.
The Mann–Whitney U-test also indicated a small-to- 
medium effect size for duration of these alarms. The differ-
ence in the time duration for false accelerated ventricular 
alarms between those receiving assisted ventilation and 
those who did not ranged from zero to 14,600 seconds for 
those receiving mechanical ventilation and from zero to 
345 seconds for those without ventilatory support.
Close examination revealed that accelerated ventricular 
alarms helped drive the effect size in the mechanically 
ventilated group, similar to the findings for patients with 
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Table 7 Medical interventions and diagnoses in relation to frequent false arrhythmia alarms 
Patient characteristics Higher number of false arrhythmia 
alarms per monitored hour
Longer duration in seconds of false 
arrhythmia alarms per monitored hour
Cardiac interventions 
(associated with 
electrocardiographic changes)
Median  
(range; sum)
P-value; additional 
statistics for 
significant results
Median (range; sum) P-value; additional 
statistics for 
significant results
#Pacemaker (temporary and permanent)
no, n=429 0.1 (0–184; 766) 0.002; U =4,559; 
z =-3.107; r =0.15
0.1 (0–1,228; 10,438) 0.002; U =4,589; 
z =-3.071; r =0.14
Yes, n=31 0.9 (0–51; 284) 10.5 (0–3,182; 7,113)
VaD
No, n=458 0.1 (0–184; 994) 0.016; U =163;  
z =-2.419; r =0.11
0.2 (0–3,182; 16,872) 0.009; U =121;  
z =-2.620; r =0.12
Yes, n=3 11.3 (1–46; 58) 218.0 (11–458; 687)
Respiratory intervention
MV
No, n=294 0.0 (0–51; 384) ,0.001; U =19,625; 
z =-3.803; r =0.18
0.0 (0–954; 4,180) ,0.001; U =19,298; 
z =-4.066; r =0.19
Yes, n=167 0.4 (0–184; 669) 1.2 (0–3,812; 17,559)
Physiological system/medical diagnosis
CV
No, n=333 0.0 (0–46; 447) ,0.001; U =16,724; 
z =-3.803; r=0.18
0.0 (0–654; 5,875) ,0.001; U =16,884; 
z =3.680; r =0.18
Yes, n=128 0.5 (0–184; 606) 1.7 (0–3,812; 11,684)
endocrine
no, n=428 0.1 (0–73; 847) 0.737 0.2 (0–3,812; 16,152) 0.883
Yes, n=33 0.2 (0–184; 206) 0.4 (0–1,034; 1,407)
gi
no, n=427 0.1 (0–184; 1,016) 0.400 0.4 (0–3,812; 17,214) 0.295 
Yes, n=34 0.3 (0–22; 36) 0.0 (0–177; 345)
hepatic
no, n=424 0.2 (0–184; 1,010) 0.289 0.4 (0–3,812; 17,083) 0.284
Yes, n=37 0.0 (0–22; 42) 0.0 (0–176; 475)
Musculoskeletal
no, n=431 0.1 (0–73; 844) 0.549 0.2 (0–1,312; 16,321) 0.702
Yes, n=30 0.4 (0–184; 208) 1.5 (0–1,034; 1,238)
neurological
no, n=253 0.2 (0–31; 507) 0.339 0.4 (0–3,812; 10,982) 0.394
Yes, n=208 0.0 (0–184; 1,052) 0.0 (0–1,228; 6,577)
Renal
no, n=417 0.0 (0–184; 917) 0.114 0.0 (0–3,812; 14,854) 0.059
Yes, n=44 0.3 (0–73; 136) 0.8 (0–1,228; 2,705)
Respiratory, includes mechanical ventilation patients
No, n=254 0.0 (0–51; 358) 0.004; U =54,843; 
z =-2.859; r =0.13
0.0 (0–954; 3,989) 0.004; U =54,804; 
z =-2.896; r =0.14
Yes, n=207 0.3 (0–184; 695) 0.8 (0–3,812; 13,570)
MODs
no, n=416 0.1 (0–51; 51) 0.415 0.1 (0–51; 728)  0.273
Yes, n=45 0.2 (0–184; 324) 0.8 (0–1,228; 3,913)
Other diagnoses, including substance withdrawal
no, 409 0.2 (0–184; 1,023) 0.064 0.5 (0–3,812; 16,897) 0.095
Yes, n=52 0.0 (0–7; 29) 0.0 (–274; 662)
Notes: Mann–Whitney U-test: number and duration of false arrhythmia alarm per hour compared between patients who do or do not have the selected characteristic 
(n=461); Results in bold are statistically significant with alpha set at 0.05, patients with a characteristic depicted in bold have significantly more arrhythmia alarms 
than those patients without the characteristic. #One patient’s pacemaker status was unclear, and the data was treated as missing. Missing data was excluded from the 
calculation.
Abbreviations: CV, cardiovascular; gi, gastrointestinal; MODs, multiple organ dysfunction syndrome; MV, mechanically ventilated; VaD, ventricular assist device.
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pacemakers or BBB. The Mann–Whitney U-test indicated 
a small-to-medium effect size for duration of accelerated 
ventricular alarms.
Patient diagnoses
Along with respiratory disorders, patients diagnosed with 
cardiac disease, including acute coronary syndrome and 
heart failure, experienced significantly more frequent and 
longer duration of false alarms compared to other patients 
(Table 7). Results of patient medical treatments and primary 
diagnoses associated with number or duration of alarms using 
nonparametric tests are outlined in Table 7.
Univariate patient predictors associated 
with false arrhythmia alarms
Logistic regression analyses were performed to more clearly 
distinguish individual patient variables associated with false 
alarms. A categorical variable was created to identify patients 
who generated false arrhythmia alarms and those who did 
not. The results showed that patients with age $60 years, 
altered mental status (confusion and agitation), BBB, paced 
rhythm, and/or mechanical ventilation were more likely to 
have false arrhythmia alarms.
The three patients with ventricular assist devices were 
seen to make a significant contribution to false arrhythmia 
alarms in our nonparametric analyses. However, the P-value 
was very high, and the results were nonsensical for the regres-
sion analysis (Table 8).
Multivariate patient predictors associated 
with false arrhythmia alarms
After identifying the variables that were candidates for making 
a significant contribution to the high number of alarms, a final 
multivariate analysis revealed that patients who had altered 
mental status, BBB, and/or mechanical ventilation were most 
likely to generate a high number of false arrhythmia alarms.
Age $60 years and paced rhythm did not remain signifi-
cant in the multivariable model (Table 9).
Code Blue events
The number of cardiopulmonary arrests associated with Code 
Blue announcements recorded during the 1-month period 
Table 8 Patients who experienced at least one false arrhythmia alarm during their iCU stay
Characteristic/constant Coefficient B Standard error Wald χ2 P-value Odds ratio 95% CI
Age .60 years 0.339 0.187 3.289 0.070 1.40 0.97–2.03
Constant -0.104 0.132 0.626 0.429 0.90
gender 0.248 0.187 1.746 0.186 1.28 0.89–1.85
Constant -0.048 0.127 0.144 0.704 0.95
ethnicity 0.388 0.304 1.634 0.201 1.47 0.81–2.67
Constant 0.050 0.100 0.250 0.617 1.05
Race -0.071 0.073 0.957 0.328 0.931 0.81–1.07
Constant 0.383 0.339 1.281 0.258 1.467
Altered mental status (confusion or 
agitation)
0.934 0.226 17.037 ,0.001 2.545 1.63–3.97
Constant -0.163 0.108 2.274 0.132 0.849
Body mass index .30 0.116 0.203 0.326 0.536 1.123 0.76–1.67
Constant 0.025 0.113 0.051 0.821 1.026
Current smoker -0.311 0.259 1.438 0.231 0.733 0.44–1.22
Constant 0.113 0.101 1.240 0.266 1.120
seizures documented 0.043 0.469 0.008 0.929 1.043 0.42–2.62
Constant 0.063 0.095 0.443 0.506 1.065
Tremors documented -0.101 0.348 0.303 0.582 0.826 0.42–1.63
Constant 0.080 0.097 0.680 0.410 1.083
BBB per cardiac monitor 0.984 0.367 7.173 0.007 2.674 1.30–5.49
Constant -0.014 0.097 0.021 0.884 0.986
Pacemaker (temporary and permanent) 0.638 0.373 2.917 0.088 1.892 0.91–3.93
Constant 0.021 0.096 0.049 0.825 1.022
VaD 21.150 23,205.422 0.000 0.999 1.533e+9 ^0.00–___
Constant 0.052 0.093 0.314 0.575 1.054
MV 0.837 0.200 17.512 ,0.001 2.309 1.56–3.42
Constant -0.232 0.117 3.914 0.048 0.793
Notes: Univariate binary logistic regression (alpha set at 0.010 for retention in a multivariate logistic regression); n=461; 238 patients experienced false alarms; characteristics 
associated with significant higher number of alarms are in bold. Lines in bold depict statistically significant results with P,0.005. ^indicates results in this case were 
uninterpretable due to low number of VaD patients.
Abbreviations: BBB, bundle branch block; CI, confidence interval; ICU, intensive care unit; MV, mechanically ventilated; VAD, ventricular assist device.
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Table 9 Characteristics of patients who experienced at least one false arrhythmia alarm during their iCU stay
Characteristic/constant Coefficient B Standard error Wald χ2 P-value Odds ratio 95% CI
age .60 years 0.133 0.199 0.450 0.502 1.143 0.77–1.69
altered mental status (confusion or agitation) 0.902 0.234 14.876 ,0.001 2.466 1.56–3.90
BBB per cardiac monitor 0.885 0.383 5.335 0.021 2.424 1.14–5.14
Pacemaker (temporary and permanent) 0.310 0.399 0.606 0.436 1.364 0.62–2.98
MV 0.734 0.208 12.410 ,0.001 2.083 1.39–3.13
Constant -0.576 0.160 13.027 ,0.001 0.562
Notes: Multivariate binary logistic regression; n=461; 238 patients experienced false alarms; characteristics associated with significant higher number of alarms are in bold. 
Lines in bold depict statistically significant results with P,0.005.
Abbreviations: BBB, bundle branch block; CI, confidence interval; ICU, intensive care unit; MV, mechanically ventilated.
included 17 events, experienced by 11 unique individuals 
(2.4% of total N).
Patients who experienced a cardiopulmonary arrest asso-
ciated with a Code Blue event triggered significantly more 
arrhythmia alarms overall on the monitor compared to those 
who did not experience such an event. With the exception 
of false asystole alarms, the patients’ monitors also were 
significantly more likely to generate false arrhythmia alarms 
compared to the rest of the ICU population (Mann–Whitney 
U-test, P#0.002). However, these patients also were sig-
nificantly more likely to trigger true alarms (Mann–Whitney 
U-test, P=0.001) (Table 10).
signal quality
Of the alarms designated as false, 27% were rated as being 
of fair or poor quality. Signal quality was rated as good for 
73% of the false alarms. Of the alarms designated as true, 
7% were rated as fair or poor. Signal quality was rated as 
good for 93% of the true alarms, as reported previously.2
Additional finding: patients with frequent 
alarms
One patient generated 5,696 of the 11,345 false alarms 
(50.2%). Most of the alarms generated by this patient were 
ventricular (5,602 out of 5,696 alarms or 98.4%), includ-
ing accelerated ventricular, ventricular bradycardia, and 
ventricular tachycardia alarms. The patient generated an 
average of 7.7 alarms per hour; the mean alarm duration 
was 43.1 seconds per hour. Alarm noise lasted an average 
of 17.2 minutes per day for this patient.
A second patient generated 1,178 of the false alarms 
(10.4%). All of the false alarms triggered by this patient were 
ventricular arrhythmias (100%).
Between the two patients, 6,874 false arrhythmia alarms 
were triggered (60.6% of all false alarms; 54.2% of all 
annotated alarms, including both true and false alarms). 
The patients had left and right BBBs and were mechanically 
ventilated.
Examination of patients’ alarm data revealed that a total 
of 10 patients generated at least one alarm per monitored 
hour. These patients, representing 2% of the study sample, 
generated 8,789 alarms annotated during the study period; 
8,720 (76.9% of false alarms) were annotated as false; 
79 (6.0% of true alarms) were annotated as true.
Discussion
This study builds upon our previous work2 and is the 
first to assess the rate and duration of invalid or non-
actionable arrhythmia alarms in relation with patient 
characteristics.
need for alarm management
Monitoring for arrhythmias remains an important surveil-
lance tool to protect patients at risk; however, as our study 
demonstrates, the number of false alarms is staggering.
Our research reinforces the findings of a 2011 survey 
of hospital personnel on alarm safety practices, which 
reported that nonactionable alarms are frequent in criti-
cal care.22 Funk et al22 found that in most hospitals, the 
prevalence of false or nonactionable alarms remains a 
persistent problem. Thus, 75% of respondents agreed 
that nuisance alarms occur frequently; 71% agreed that 
nuisance alarms interrupt patient care; 71% stated that 
nuisance alarms reduce trust in the authenticity of alarms; 
and most disturbing, 18% reported instances of patient 
harm related to alarms.
An earlier survey, conducted in 2005–06 by Korneiwicz 
et al,23 reported similar findings. The researchers recom-
mended the development of designs to promote appropriate 
use of equipment, increased role for clinicians to advocate 
for alarm management education and safety, recognition 
of the complexity of alarm management, and appropri-
ate allocation of resources for development of effective 
management.
Our study supports the survey respondents’ perceptions 
that frequent false, nonactionable alarms are problematic.
Therapeutics and Clinical Risk Management 2017:13submit your manuscript | www.dovepress.com
Dovepress 
Dovepress
510
harris et al
Table 10 Code Blue – cardiopulmonary arrest events
Type of arrhythmia 
alarm
False alarms triggered by patients who 
experienced cardiopulmonary arrest
True alarms triggered by patients who 
experienced cardiopulmonary arrest
Number of alarms 
triggered (% of total 
number of alarms in 
category); mean rank
P-value; additional 
statistics for significant 
results
Number of alarms 
triggered (% of total 
number of alarms in 
category); mean rank
P-value; additional 
statistics for significant 
results
accelerated ventricular
Yes 73 (1.8%); 356.9 ,0.001; U =1,090.5; 
z =-4.628; r =0.22
199 (85.5%); 304.5 ,0.001; U =1,667.0; 
z =-4.906; 0.23
no 4,068 (98.2%); 227.9 31 (13.5%); 229.2
asystole
Yes 31 (5.8%); 270.6 0.171; U =2,039.5; 
z =-1.369; r =0.06
28 (10.6%); 325.3 ,0.001; U =1,438.0; 
z =-6.297; r =0.29
no 503 (94.2%); 230.0 235 (89.4%); 228.7
Pause
Yes 82 (4.2%); 379.1 ,0.001; U =846; 
z =-4.695; r =0.22
20 (9.5%); 282.2 0.001; U =1,912;  
z =-3.286; r =0.15
no 1,893 (95.8%); 227.4 257 (90.5%)229.8
Ventricular bradycardia
Yes 18 (1.5%); 339.4 ,0.001; U =1,282.5: 
z =-6.029; r =0.28
9 (20.9%); 308.4 ,0.001; U =1,624.0; 
z =-6.798; r =0.32
no 1,204 (98.5%); 228.4 34 (79.1%); 229.1
Ventricular fibrillation
Yes 4 (8.0%); 266.3 0.002; U =2,086.0; 
z =-3.103; r =0.15
53 (49.5%); 289.9 ,0.001; U =1,827.0; 
z =-6.194; r =0.29
no 46 (92.0%); 230.1 54 (50.5%); 229.6
Ventricular tachycardia
Yes 39 (2.6%); 377.4 ,0.001; U =864.5; 
z =-4.266; r =0.20
31 (7.1%); 379.8 ,0.001; U =838.5; 
z =-7.768; r =0.36
no 3,333 (97.4%); 227.4 405 (92.9%); 227.4
all six alarms compiled
Yes 298 (2.6%); 396.6 ,0.001; U =654.0; 
z =4.439; r =0.21
125 (22.9%); 309.1 ,0.001; U =1,616.5; 
z =6.858; r =0.32
no 11,047 (97.4%); 227.0 421 (77.1%); 229.1
Notes: Mann–Whitney U-test. Lines in bold depict statistically significant results with P,0.005. “Yes” = at least one alarm triggered by cardiopulmonary arrest patient in the 
category; 17 cardiopulmonary arrest events were experienced by 11 unique patients. numerous arrhythmia alarms were triggered. Using nonparametric measurements, this 
table compares the number of true and false alarms in each of the six arrhythmia categories that were triggered in association with a cardiopulmonary arrest versus alarms 
triggered at other times. 2.4% of n=461. “no”= no false arrhythmia alarm triggered during cardiopulmonary arrest.
altered mental status
Our study identified the prevalence and frequency of nuisance 
alarms associated with confused and agitated patients. Our 
work was able to identify and quantify the problem beyond 
anecdotal reports.
Bundle branch block
Drew et al24 recognized the concern of intensive care nurses 
becoming fatigued and disenchanted with cardiac monitoring 
technology in connection with ST monitoring more than 
10 years ago (2005) and provided expert guidance for which 
patients to monitor and which not to monitor. The authors 
advised that patients with left bundle block, intermittent 
right BBB, or ventricular pacing were subject to frequent 
false ST alarms, erroneously indicating that the ST segments 
were depressed or elevated, and provided a rationale for not 
monitoring the ST segment in these patients. While we did 
not specifically address ST-monitoring alarms in the study, 
our results support regular assessment of the need for con-
tinuous cardiac monitoring and for tailoring the monitoring 
parameters for patients with left and right BBBs.
Mechanically ventilated patients
Among the surprising findings of our study was the signifi-
cantly greater number of false arrhythmia alarms associated 
with mechanically ventilated patients. While we speculate 
that this increase in alarms might be associated with motion 
artifacts, possibly due to early mobilization of patients on ven-
tilators to aid in their recovery, we did not uncover evidence to 
support this supposition in our observational study. The prem-
ise deserves further investigation with a formal hypothesis.
Few patients generate many false alarms
The two patients who generated .60% of the nonactionable 
arrhythmia alarms did have BBB and were mechanically 
ventilated. Patients whose monitors generate an abundance of 
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nonactionable alarms can lead practitioners to doubt the accu-
racy of the signals. This mistrust can lead to patient harm.25
With only two people generating so many false alarms, 
a reasonable approach may be to carefully assess the need 
for continuous ECG monitoring in certain patients. The 
health care team may not find that routine assessment of the 
need to maintain continuous arrhythmia monitoring solves 
the problem, but the results may be a useful step forward in 
addressing the alarm fatigue issue.
signal quality
Another approach to alarm management has focused on 
reducing impedance and achieving high-quality electrode 
conductivity to reduce the number of alarms associated 
with poor quality. Proper skin preparation prior to electrode 
placement, changing electrodes daily, or use of high-quality 
electrodes has been studied. Cvach et al26 concluded that insti-
tuting a daily electrode change might reduce the incidence of 
nuisance alarms. Although 73% of false alarms in our study 
were rated as having good signal quality, our findings showed 
that a higher proportion of false alarms, compared with 
true alarms, was associated with less-than-good ratings for 
asystole, accelerated ventricular rhythm, pause, ventricular 
bradycardia, and ventricular tachycardia alarms.
Complex problem supports tailoring 
alarms for the individual
Tailoring of patient parameter alarms, ie, adjusting high or low 
settings on heart rate, respiratory rate, pulse oximetry, and pres-
sure alarms, to help alleviate the nuisance of false or nonaction-
able alarms, is one frequently recommended approach.1,20,26
The conclusions of the Healthcare Technology Founda-
tion’s Clinical Alarms Committee 2005–06 survey remain 
relevant,23 especially on recognition of the complexity of the 
problem, and can serve as a launching pad for moving to the 
next steps in alarm management. Our study has advanced 
the process for managing alarm fatigue described by the 
National Association of Clinical Nurse Specialists,27 and our 
findings support the premise that in critical care, universal 
alarm settings are not appropriate for all patients. Tailoring 
alarms for the individual is essential.
need for a multipronged approach to 
alarm management
Management of physiological alarms to increase specificity 
without decreasing sensitivity requires action on numerous 
fronts. Standardized hospital quality improvement programs 
may be beneficial for decreasing incidence of unnecessary 
alarms. For example, Graham and Cvach28 recommended that 
health care personnel regularly assess alarm parameters to 
ensure they are set at actionable levels, participate in training 
to tailor alarms to the individual, and assist in establishment of 
standards for alarm management at the institutional level. Our 
study supports the premise that more than one approach may 
be necessary to improve the quality of alarm management and 
safety, especially in relation to arrhythmia alarms.
Our work has moved the science forward by describ-
ing and measuring the extent of the problem, by analyzing 
the data to identify patient characteristics associated with 
alarms, especially in relation to arrhythmia alarms, and by 
providing evidence to aid in designing better alarm manage-
ment systems.
limitations
We recognize the limitations of our study. First, the focus on 
the study was on distinguishing true versus false alarm events 
and not missed arrhythmia events. Missed arrhythmia events 
were not addressed in our study. Our research examined true 
or false-positive arrhythmia events only. Further study will 
be needed to identify false-negative alarms.
Next, our analysis indicated that other alarm states, 
eg, premature ventricular contractions and atrial fibrilla-
tion alarms, as well as parameter alarms such as heart or 
respiratory rates falling outside assigned limits, accounted 
for most of the alarms. Clearly, these alarms contribute to 
alarm fatigue, but we did not determine whether they were 
true or false.
Finally, the time frame for the study covered 1 month. 
A longer period of time may have revealed a different pat-
tern of alarms.
Future research directions
Next steps include collecting data over a broader time frame, 
identifying false-negative events, determining whether or 
not alarms correlate with actionable events necessitating an 
intervention, examining additional arrhythmias – especially 
atrial fibrillation, and assessing parameter alarms. Closer 
scrutiny of the patients who generated only true alarms may 
also prove to be enlightening.
Conclusion
Patients likely to trigger a higher number of false arrhythmia 
alarms tend to be those with altered mental status, on mechani-
cal ventilation, or who have a wide QRS complex due to BBB. 
Only a few patients generate the majority of false alarms. 
Regular assessment of the need for arrhythmia monitoring 
and tailoring physiologic alarms to the individual patient’s 
needs is highly recommended as a reasonable approach for 
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alarm management. Thoughtfully assessing the benefit versus 
the risk of continuous ECG monitoring for each individual 
patient upon admission, in addition to reassessing regularly, 
may reduce the incidence of false arrhythmia alarms.
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